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Arsad et al(2025) reported that in the past decade, the industrialization of the world has led to the depletion of fossil fuel and non-renewable reserves, posing serious threats to human survival. The majority of the current power generation is primarily based on fossil fuels, such as coal, rather than biofuels. The transition from fossil fuels to renewable energy (RE) is gaining momentum as more nations, towns, and companies set sustainability and zero-emission goals. Renewable energy sources (RES) are energy sources that are naturally replenished and can be used to generate electricity and heat, such as biomass, hydropower, wind, solar energy, geothermal energy, and nuclear energy, within a limited time frame (Ang et al., 2022). One of the primary sources of renewable energy is biofuels, a sustainable alternative produced from organic materials. Biofuels are extracted from certain crops planted for the production of energy and fuel. These plants are referred to as energy crops, including seaweeds, algae, and microalgae. However, the sustainability of biofuel as a generation source is problematic due to its limited resources. Consequently, global research efforts were directed towards exploring sustainable energy alternatives such as tidal, wind, solar, etc. Solar energy-based photovoltaic (PV) is a potential renewable energy source since it is constantly available, free, environmentally friendly, and low-maintenance. Serano et al. (2019) highlight solar photovoltaic energy as a prominent method of electricity generation, as it captures solar radiation. This technology enables electricity access in rural areas where conventional power delivery is not feasible.
PV systems provide a viable means of power generation for applications like powering residential appliances, electrification of villages in rural areas, telecommunications, refrigeration, and water pumping (Parida et al., 2011).
Lokesh Reddy et al. (2017) in their study, they advised the use of solar energy in all countries of the world due to the excessive energy crisis and environmental pollution is considered vigorously. Photovoltaic systems, which convert solar energy to electricity, are now one of the most common sources of electrical energy. They can be used in grid-connected mode to support the network or in a stand-alone mode to supply some remote areas.
In a stand-alone mode, the PV independently cannot be enough for supplying loads because weather conditions (such as cloud and fog) have a significant impact on the solar energy received by a PV array; therefore, there is a need for energy storage systems like batteries (K & Vijayaraj, 2020a; LokeshReddy et al., 2017). The energy produced by the solar panel varies with the incident sunlight. During the day, the energy from the solar panel increases to the peak level and decreases to zero from morning till evening. 
There are several important issues in a stand-alone PV battery system such as efficiency controllability, charge capability, proper protection scheme, system weight, battery lifespan, battery charge and discharge pattern, system ON and OFF mode, system cost, output voltage quality etc. these features are affected by the type and configuration of DC to DC converter, size of batteries and PV arrays, control strategy, MPPT algorithm and energy management system. Therefore, proper selection and adjustment of the parameters is the most vital task of the photovoltaic system design. This variation in solar energy, depending on the sunlight, requires a controller that controls the charging of the battery backup (K & Vijayaraj, 2020b).
Solar charge controller is one of the most influential elements on the quality and lifespan of the photovoltaic solar system due to its function of protecting the battery from overcharging and deep discharging. This ensures the battery charges efficiently and does not get overcharged, undercharged, or damaged due to fluctuations in current or voltage. Modern charge controllers often include built-in monitoring systems to display parameters like battery voltages, charging current, and system status. They also protect against reverse current flow from the battery to the solar panel at night, short circuit and overcurrent conditions, and temperature extremes that could affect charging. Some advanced charge controllers offer equalization, a process that balances the charge among the cells of a battery bank to enhance performance and life span.
The charge controller exists mainly in pulse width modulation (PWM) and maximum power point tracker (MPPT) technologies for both foreign and locally manufactured products.
PWM charge controller is a widely used type of solar charge controller with an efficiency of 60-80%, designed to regulate the power sent from solar panels to a battery. Its primary purpose is to ensure the battery is charged efficiently while preventing overcharging, undercharging, and damage to the battery. This controller uses PWM technology to adjust the charging rate of the battery by rapidly switching the connection between the solar panel and the battery ON and OFF. It also modulates the width (duration) of the pulse of current sent to the battery depending on the battery’s charge level. The PWM controllers usually employ a three-stage charging process, such as bulk charging, absorption charging, and float charging.
An MPPT charge controller is an advanced type of charge controller designed to maximize the energy harvested from solar panels by operating them at their maximum power point (MPP). This capability makes the MPPT charge controller highly efficient (85-95%), particularly in large or high voltage power systems. The MPPT controller continuously adjusts its input voltage and current to ensure the solar panels operate at their maximum power point, which is the point on the solar panel’s voltage curve. Current (V-I) curve where power output is maximized. It is efficient in cold or variable conditions and suitable for medium to large solar power systems, making them ideal for homes, businesses, and individual applications.   The DC-to-DC conversion of the MPPT minimizes energy loss compared to PWM controllers, especially in a system with mismatched panel and battery voltages. The main goal of this project is to design and construct a locally made PWM charge controller and determine the most efficient among the locally made PWM, foreign PWM, and foreign MPPT charge controllers.
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This project aims to design and construct a locally made charge controller for optimum efficiency in a stand-alone photovoltaic system.
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The objectives of this study are to:
(i) Determine the efficiency of local and foreign (MPPT and PWM) charge controllers.
(ii) Design, construct, and install a prototype stand-alone solar photovoltaic system.
(iii) Determine the efficiency of each stage of the stand-alone solar photovoltaic system.
(iv) Determine the overall efficiency of the stand-alone photovoltaic system.
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The efficiency of stand-alone PV systems depends largely on the performance of the charge controllers. Despite the availability of PWM and MPPT controllers, many solar photovoltaic systems still operate below optimal efficiency due to suboptimal charge management (Singh et al., 2023).
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The project covers the following:
i. Design and construction of a locally-made PWM charge controller.
ii. Purchase of a foreign-made PWM and MPPT charge controller
iii. Installation of a prototype stand-alone solar PV system.
iv. Determination of the efficiencies for charge controllers (local PWM, foreign PWM and foreign MPPT), solar panels.
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i. Enhancing the performance of PV systems for optimal battery charging.
ii. Reduction in the overall size of the control circuit used for PV system control.
iii. Proposal for a cost-effective solar PV system installation.
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Renewable energy sources (RES) are naturally replenishing resources used to generate electricity and heat. Photovoltaic systems, which convert solar energy to electricity, are now one of the most common sources of electrical energy. Due to issues like weather variations, stand-alone PV systems often require energy storage systems like batteries, as they cannot always generate sufficient power independently. These systems use a DC to DC converter (solar charge controllers) to connect the PV array and batteries. The charge controller plays a critical role in managing these factors by ensuring the batteries are neither overcharged nor undercharged. There are two main types of charge controllers: PWM and MPPT. PWM controllers, which are widely used, regulate battery charging through a three-stage process and operate with efficiencies of 60-80%. MPPT controllers are more advanced, optimizing the energy harvested from solar panels and operating at efficiencies of 85-95%. MPPT is especially effective in larger systems or under variable environmental conditions.
This project aims to design, construct, and simulate a locally made PWM charge controller and compare its efficiency with foreign-made PWM and MPPT controllers in a stand-alone solar photovoltaic system.
